Background: Graduated compression stockings are widely used for deep venous thrombosis (DVT) prophylaxis. Although below-knee stockings are used more often than thigh-length stockings, no reliable evidence indicates that they are as effective as thigh-length stockings.
D
eep venous thrombosis (DVT) and pulmonary embolism are common among patients hospitalized for surgery and those with acute medical problems associated with immobility, including stroke. Deep venous thrombosis may lead to pulmonary emboli, a frequent cause of avoidable deaths (1) . Graduated compression stockings, either alone or in combination with intermittent pneumatic compression or anticoagulants, are widely used to reduce the risk for DVT. The recommendations to use these stockings are based on systematic reviews of randomized, controlled trials (2-4), the most recent of which shows that stockings are associated with a 63% (95% CI, 52% to 70%) reduction in the odds of developing DVT. However, 15 of the 17 trials reviewed were in surgical patients, 1 was in 80 patients with acute myocardial infarction (5) , and only 1 was in patients with stroke (97 patients) (6) . Fourteen of the 17 trials (91% of patients) evaluated thighlength T.E.D. stockings (Tyco Healthcare [now Covidien], Mansfield, Massachusetts) (7) .
We set up the CLOTS (Clots in Legs Or sTockings after Stroke) Trials (www.clotstrial.com), 3 multicenter randomized trials that shared randomization, data collection, and follow-up systems, to assess the effectiveness of external compression in patients with stroke (8) . All 3 trials tested the effect of adding external leg compression to routine care. We compared thigh-length stockings with no stockings in 2518 patients in CLOTS Trial 1 (8) and showed that thigh-length stockings were associated with a reduced absolute risk for proximal DVT of only 0.5 percentage points (CI, Ϫ1.9 to 2.9 percentage points; P ϭ 0.88), which is equivalent to a number needed to treat of about 200 to prevent 1 proximal DVT. In CLOTS Trial 2, reported here, we aimed to compare the effectiveness of thigh-length and below-knee stockings for preventing proximal DVT in immobile, hospitalized patients with stroke.
METHODS

Design Overview
CLOTS Trial 2 was a multicenter, international, parallel-group design with a centralized randomization system that allocates treatment in a 1:1 ratio that ensured allocation concealment. We aimed to blind the ultrasonographers who scanned for DVT to allocation group, but the patients and their caregivers could not be blinded because of the nature of the intervention. We enrolled the first patient on 14 January 2002 and the last on 28 May 2009 and completed follow-up in February 2010. The Multicentre Research Ethics Committees in the United Kingdom and the local ethics committees of all contributing centers approved our protocol. Written informed consent was obtained from all patients or from a valid proxy for patients who lacked the mental capacity.
During the trial, we adapted our protocol so that centers in countries with short lengths of hospital stay and less robust systems for central follow-up at 6 months could participate. The adapted protocol, which we called "CLOTS Lite," was identical to our original protocol except that centers were requested to perform compression duplex ultrasonography once for each patient at 7 to 10 days after random assignment, regardless of whether the patient remained in the hospital, and follow-up data were not collected at 6 months.
In 2009, the results of CLOTS Trial 1 were published (8) and showed that thigh-length stockings were not associated with a clinically worthwhile reduction in proximal DVT but caused skin breaks. The Steering Committee, advised by the Data Monitoring and Ethics Committee, decided to stop enrollment in CLOTS Trial 2 early because it was unreasonable to expose patients with acute stroke to the discomfort and risk of thigh-length stockings. Although we had exceeded our recruitment target of 2500 patients by then, the DVT rate was lower than expectedonly 236 patients (79% of our target) had had proximal DVT, our primary outcome.
Setting and Participants
Our collaborators in 112 centers (Appendix, available at www.annals.org) enrolled 3114 patients. Of these, 3014 patients were recruited by hospitals in the United Kingdom, Italy, the Republic of Ireland, Australia, and the Czech Republic, which participated under the original protocol. Single centers in Portugal, India, Canada, and Mexico recruited 100 additional patients under CLOTS Lite. To participate, hospitals had to have a local principal investigator who would take responsibility for trial governance, a well-organized inpatient stroke service, a nursing staff trained in the use of stockings, and a diagnostic ultrasonography department that routinely performed compression duplex ultrasonography.
Patients were eligible for inclusion if they were hospitalized within 1 week of an acute stroke (ischemic or hemorrhagic), could be enrolled between the day of admission (day 0) and day 3 in the hospital, and were immobile (could not walk independently to the toilet). We excluded patients with subarachnoid hemorrhage and those with severe peripheral vascular disease or diabetic or sensory neuropathy. We did not require the centers to keep screening logs of eligible patients.
Random Assignment and Interventions
Having obtained consent, the clinician entered the patient's baseline data into our computerized central randomization service by means of a secure Web interface or a touch-tone telephone system. After the computer program checked these baseline data for completeness and consistency, it allocated that patient to receive either routine care plus thigh-length stockings or routine care plus below-knee stockings. The system applied a minimization program to achieve balance within the centers for 4 prognostic factors: delay since stroke onset (day 0 or 1 vs. day Ն2); stroke severity with a validated prognostic model (9) ; leg weakness (able to lift both legs or not); and prescription of heparin, warfarin, or alteplase. Minimization randomly allocates the first patient to a treatment, but allocates each subsequent patient to the treatment that leads to the least difference between the treatment groups with respect to the prognostic factors (10) . Because simple minimization
Context
Are either thigh-length or below-knee stockings better for reducing risk for deep venous thrombosis (DVT) in patients with stroke?
Contribution
This large randomized trial involved immobile patients with acute stroke. Patients had ultrasonography 7 to 10 days after hospitalization and then again 15 to 20 days after that. Proximal DVT was detected in 6.3% and 8.8% of those who received thigh-length or below-knee stockings, respectively. Skin breaks occurred in 3.9% of those who received thigh-length stockings and 2.9% of those who received below-knee stockings.
Caution
Not all patients had both ultrasonography scans.
Implication
Proximal DVT occurs more commonly with below-knee stockings than with thigh-length stockings in immobile patients with stroke.
-The Editors
Original Research Thigh-Length Versus Below-Knee Stockings for DVT Prophylaxis After Stroke We coded the reason why a scan was not performed; however, if a patient was not scheduled for a scan but died, then that death would not be recorded here. Therefore, the numbers of deaths are not the same as those in Tables 2 and 3 . CLOTS ϭ Clots in Legs Or sTockings after Stroke. within centers can in theory lead to alternation of treatment allocation, our system also incorporated a degree of random allocation; it allocated patients to the treatment group that minimized the difference between the groups with a probability of 0.8 rather than 1.0. This helped to guarantee allocation concealment. Nursing staff applied the allocated length and size of the T.E.D. stockings, on the basis of the manufacturer's fitting instructions, to both legs. The stockings were then to be worn day and night until the patient was independently mobile, discharged from the hospital, or declined to wear the stockings or until the staff became concerned about the patient's skin. Our protocol stated that stockings should be worn until discharge but did not explicitly state that they should be removed at hospital discharge; this was left to the discretion of local clinicians. Our recruitment coordinator and representatives of Tyco Healthcare provided on-site training to nursing staff in the correct sizing, fitting, and monitoring of stockings, which was supplemented by a training video and Web-based training. Nursing staff was asked to record their use of stockings on the medication chart to increase adherence and aid monitoring. We stipulated that both treatment groups should receive the same routine care, which could include early mobilization, hydration, or antiplatelet or anticoagulant drugs, depending on local protocols. The local coordinator extracted information from the medication charts on adherence to stocking instructions and use of antiplatelet or anticoagulant drugs during the hospital stay and recorded this on the hospital discharge form, so we could check that these aspects of routine care were used equally in the treatment groups.
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Outcomes and Follow-up
The primary outcome was the occurrence of symptomatic or asymptomatic DVT in the popliteal or femoral veins (detected on the first or second compression duplex ultrasonography performed as part of the trial protocol) or symptomatic DVT in the popliteal or femoral veins, confirmed on imaging (compression duplex ultrasonography or venography) within 30 days of random assignment. We focused on proximal DVT because it is much more reliably detected by ultrasonography and is considered to be clinically more important (11, 12) .
The secondary outcomes reported here were deaths from any cause; any DVT, symptomatic or asymptomatic, that affected the calf, popliteal, or femoral veins; symptomatic DVT that affected the calf, popliteal, or femoral veins; CLOTS ϭ Clots in Legs Or sTockings after Stroke; DVT ϭ deep venous thrombosis. * Included in model to predict probability of being alive and independent at 6 mo (9). † Included in minimization. ‡ Calculated from baseline variables by using a validated prognostic model (9) .
Original Research Thigh-Length Versus Below-Knee Stockings for DVT Prophylaxis After Stroke pulmonary emboli, confirmed on imaging (computed tomography pulmonary angiography or ventilation-perfusion isotope scanning) or autopsy; and potential complications of stockings, such as skin breaks, blisters, limb ischemia, or leg amputations, that occurred in the hospital or were confirmed later by scheduled compression duplex ultrasonography. Our findings on survival, functional status, and quality of life at 6 months and occurrence of DVT or pulmonary emboli after 30 days will be published elsewhere. We aimed to obtain compression duplex ultrasonograms of the veins in both legs for all patients between days 7 and 10 after random assignment and perform a second scan whenever practical between days 25 and 30, even if this required the patient to return to the hospital as an outpatient. Before random assignment, the clinician could elect not to do the second scan if it would be impractical (for example, if the patient would probably be discharged home to another region). We specified this to reduce the number of scheduled second scans not completed and to reduce the risk for bias from differing follow-up rates between the treatment groups. CLOTS Lite centers performed a single scan at 7 to 10 days. The nurses on the ward were instructed to remove the stockings before the scan to avoid unblinding the ultrasonographer. The ultrasonographers recorded whether the patient attended the scan wearing stockings so that we could estimate the degree of unblinding (Figure 1) . We defined the minimum acceptable technical standards for ultrasonography equipment and stipulated that the trial ultrasonographers should have performed compression duplex ultrasonography to diagnose DVT as part of a clinical service. We asked them to visualize the popliteal and femoral veins in both legs but did not insist that they routinely visualize the 6 deep veins in the calf, because thrombosis detection in these veins is far less reliable. Our trial radiologist, who was blinded to group allocation, received hard copies of scans with positive results to verify each primary outcome. Scans with negative results were not centrally verified because meaningful verification of static images is difficult with ultrasonography techniques. If the second ultrasonogram was delayed for more than 30 days and showed popliteal or femoral DVT, it was included in the primary outcome. However, we did not include a proximal DVT event in our primary outcome if it came to our attention only because of symptoms that started more than 30 days after enrollment, because this might have introduced bias.
The local coordinator, who could not be blinded to group allocation, reviewed the medical record and extracted the information needed to complete our discharge form. This form included checkboxes for recording the secondary outcomes and adverse events. Coordinators recorded the date of occurrence of any secondary outcome and included a free-text description of the problem. The chief investigator reviewed these data centrally and coded the events while blinded to group allocation, to the extent possible. On rare occasions, inadvertent unblinding occurred because the coordinator mentioned the length of the stockings in their description of an adverse event.
We checked data centrally for completeness and consistency and sent monthly reports to each center with data queries. Our recruitment coordinator visited hospitals regularly to check their trial procedures and to obtain missing data. She did not perform source data verification unless the trial data manager required clarification on specific data items.
In our original protocol, the trial coordinating center in each country obtained follow-up data on secondary out- DVT ϭ deep venous thrombosis. * Adjusted for delay from onset to random assignment; stroke severity; leg strength at baseline; and use of heparin, warfarin, or alteplase and excluding patients who died before primary outcome or had missing data. Only 1 proximal DVT occurred in the 100 patients enrolled into CLOTS (Clots in Legs Or sTockings after Stroke) Lite; this patient was in the below-knee stockings group. † Known to be alive with no DVT; no compression duplex ultrasonography was performed. comes by mailed or telephone questionnaires at about 6 months. CLOTS Lite centers followed patients until only compression duplex ultrasonography had been performed or until hospital discharge, whichever occurred last.
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Statistical Analysis
We initially planned to recruit until 300 patients had had our primary outcome. We estimated that we would need 2500 patients to provide 90% power (␣ ϭ 0.05) to identify a 4 -percentage point absolute reduction in our primary outcome (from 13% to 9%).
For all analyses, we retained participants in the treatment group to which they were originally assigned. As prespecified, data collected under both the original and the CLOTS Lite protocols were combined, because they shared the same recruitment methodology and primary outcome. We calculated the absolute difference in proportion with an outcome between groups and its 95% CIs. The proportion of patients with primary or secondary outcomes was compared by using odds ratios and 95% CIs, adjusted with logistic regression for the 4 variables included in our minimization algorithm (predicted stroke outcome, delay from stroke onset to random assignment, ability of the patient to lift both legs off the bed, and use of anticoagulants or alteplase). We prespecified subgroup analyses of the effect on the primary outcome, subdivided by 3 baseline variables: time from stroke onset to random assignment (day 0 or 1 vs Ն2); use of heparin, warfarin, or alteplase within the preceding 24 hours versus none; and leg weakness (able to lift leg or not). These subgroups were analyzed with logistic regression, with P values calculated from the change in log likelihood on entering the interaction between the subgroup effect and treatment effect into the model. The trial statistician prepared analyses of the accumulating data, which our independent data monitoring committee reviewed at least once per year. No other person had access to these analyses.
Role of the Funding Source
The trial was funded by the Chief Scientist Office of the Scottish Government, Chest Heart and Stroke Scotland, and the Medical Research Council of the United Kingdom; Tyco Healthcare (Covidien) donated stockings and provided training in their use to participating centers. The funders and Tyco Healthcare had no role in data collection, storage, or analysis; drafting of this report; or the decision to publish this manuscript. We allowed the funding sources to comment on the draft manuscript before final submission. The United Kingdom Stroke Research Network adopted our trial in 2005, and network-funded staff were responsible for enrollment and data collection in many of our United Kingdom centers after that date. Table 1 shows that the baseline characteristics of the patients in each treatment group were very similar, except that a greater proportion of men and a lower proportion of patients who were independent in activities of daily living before their stroke were allocated to receive thigh-length stockings than below-knee stockings. The median delay from onset to random assignment was 2 days (interquartile range, 1 to 2 days) in both groups. Figure 1 shows the study flow diagram, which includes the completeness, timing, and success of blinding of Odds ratios less than 1 correspond to a reduction in the primary outcome with thigh-length stockings. P values are for the interaction between the treatment effect and the subgroup. We excluded patients without previous deep venous thrombosis who died and those who did not have compression duplex ultrasonography from the denominators, which therefore differ from the total number allocated to each treatment group.
RESULTS
Original Research Thigh-Length Versus Below-Knee Stockings for DVT Prophylaxis After Stroke follow-up with the first and second compression duplex ultrasonographies, the reasons we did not scan patients, and the completeness of follow-up to 30 days. It also includes data on the use of anticoagulants after randomization. Ultrasonographers scanned 1406 patients (96% of surviving patients) in each treatment group at about 7 to 10 days. They performed a second scan in 643 patients who received thigh-length stockings and 639 who received below-knee stockings (89% of surviving patients in each group for whom a second scan had been scheduled before random assignment) at about 25 to 30 days. Table 2 shows the frequency of the primary and secondary outcomes, including death, DVT, and pulmonary emboli, up to 30 days (or later scheduled scan) after enrollment. We detected a proximal DVT (our primary outcome) in 98 of 1552 patients (6.3%) who received thigh-length stockings and in 138 of 1562 (8.8%) who received below-knee stockings, a difference in absolute risk of 2.5 percentage points (CI, 0.7 to 4.4 percentage points; P ϭ 0.007) and a difference in odds of 31% (CI, 9% to 47%). This changed little when adjusted for the 4 factors included in our minimization algorithm (P ϭ 0.008). We also performed a post hoc analysis that adjusted for sex to account for the baseline imbalance observed (difference in odds, 30% [CI, 8% to 46%]; P ϭ 0.011). The differences in DVT rate were largely due to a reduction in proximal rather than distal DVT. Treatment groups did not significantly differ in the number of deaths or pulmonary emboli. Figure 2 shows the results of our prespecified subgroup analyses, which do not suggest any statistically significant interaction between subgroups and the treatment effect for our primary outcome. Table 3 includes information about adherence with stocking instructions and reasons for removal. Seventy-five percent of patients in both groups wore the stockings for 30 days until they were discharged, died, or regained mobility. Thigh-length stockings were removed more often because of concerns about the skin or patient comfort. Table 4 shows adverse events reported on the hospital discharge form. Overall, skin problems were more common among patients who received thigh-length stockings (P ϭ 0.030), but many were mild. Skin breaks were uncommon, occurring in 61 patients (3.9%) who received thigh-length stockings and 45 patients (2.9%) who received below-knee stockings (odds ratio [OR], 1.38 [CI, 0.93 to 2.04]). Eleven patients had either lower-limb ischemia or amputations, but central review of these cases did not suggest that the stockings had caused or worsened these conditions. The ischemia was most often the result of presumed cardiac embolism from atrial fibrillation.
DISCUSSION
Our results show that DVT prophylaxis with belowknee stockings in immobile patients who have had acute stroke is associated with a higher risk for proximal DVT than is prophylaxis with thigh-length stockings. Skin problems were more frequent with thigh-length stockings, but these were usually mild. The groups did not differ in survival, calf DVT, pulmonary embolism, or adherence.
In November 2009, we performed an extensive literature search for a Cochrane review of randomized trials of stockings in patients with stroke, which involved searches of MEDLINE, Embase, and the Cochrane Stroke Groups Specialized Register of Trials (13) . We pooled the results of CLOTS Trial 1 (thigh-length vs. no stockings) with those of the only other eligible trial (6) , which yielded an OR of 0.88 (CI, 0.72 to 1.08) for all DVT events. To our knowledge, CLOTS Trial 2 is the only randomized trial to compare thigh-length and below-knee stockings in patients with stroke. We pooled the CLOTS Trial 2 results with data from 5 trials in a systematic review (14) that compared thigh-length and below-knee stockings in surgical patients. This yielded an OR for any DVT (proximal or distal) of 0.75 (CI, 0.59 to 0.95) in favor of thigh-length stockings.
If thigh-length stockings are truly ineffective in patients with stroke, it may be surprising that they seem to be more effective than below-knee stockings. One explanation is that below-knee stockings may increase the risk for DVT after stroke. To explore this possibility, we performed an adjusted indirect comparison of below-knee and no stockings for the primary outcome in the CLOTS trials, using the method described by Glenny and colleagues (15) . This yielded an OR of 0.71 (CI, 0.49 to 1.03), a trend toward fewer DVT events with no stockings compared with below-knee stockings. Another explanation is that the point estimate of the effect of thigh-length versus no stockings provided by CLOTS Trial 1 (OR, 0.98) was slightly pessimistic and that the true effect is closer to the lower boundary of the CI (OR, 0.76). We pooled the results of CLOTS Trials 1 and 2, assuming that below-knee stockings were equivalent to no stockings. The pooled estimate of effect of thigh-length versus no stockings or ineffective below-knee stockings was 0.82 (CI, 0.68 to 0.99; heterogeneity chi-square, 3.17; P ϭ 0.075). If we assume that about 10% of patients develop proximal DVT after stroke, this translates into a number needed to treat to prevent 1 (most likely asymptomatic) proximal DVT event of about 60, whereas the number needed to harm to cause a skin break is only 35 (8) .
In the CLOTS Trial 2, thigh-length stockings reduced proximal but not distal DVT. Could below-knee stockings reduce the risk for proximal DVT? If compression stockings work by reducing the cross-sectional area of the veins and thereby increasing the blood flow velocity, then belowknee stockings are unlikely to increase blood velocity in the proximal veins. However, most proximal DVT events are caused by the propagation of distal DVT (12), so preventing distal DVT should prevent proximal DVT.
Our broad eligibility criteria maximize the generalizability of our results, at least to the population with stroke. The patients were enrolled by 112 hospitals in 9 countries. Data from the Scottish Stroke Care Audit (National Report 2006, available at www.strokeaudit.scot.nhs.uk/) show that the average age of all persons hospitalized with acute stroke is 73 years (compared with 76 years in the CLOTS Trials), and about 60% are immobile and would have met our eligibility criteria. The low levels of prophylactic anticoagulation in our trial reflect the evidence-based national guidelines of the countries involved (16 -20) . However, the subgroup analyses do not suggest that the effects of stockings are materially different in patients who also receive anticoagulants (Figure 2) , and therefore our results are probably applicable in countries where anticoagulants are used more frequently.
Our study has limitations. Blinding of the ultrasonographers was imperfect, which could have biased detection of our primary outcome, and assessment of some of the secondary outcomes could also be biased, because patients and caregivers could not be blinded. Our inability to perform all scheduled compression duplex ultrasonography, although unlikely to introduce bias, reduced the number of DVT events detected and therefore the power of our trial. Original Research Thigh-Length Versus Below-Knee Stockings for DVT Prophylaxis After Stroke
The CLOTS Trials may underestimate the clinical importance of the effects of stockings because we did not systematically screen for pulmonary emboli with routine imaging. Also, because we systematically screened for asymptomatic DVT, many patients received anticoagulant therapy to lessen the risk for symptomatic events. Other limitations included lack of screening logs, early (but not datadependent) cessation of recruitment on ethical grounds, and no central verification of negative results or 100% source data verification; however, these are unlikely to have introduced bias or altered the external validity of our results.
Our results have important implications for practice and research in patients with stroke. The results of the 2 completed CLOTS Trials suggest that thigh-length stockings are unlikely to have clinically important benefits for patients with stroke. Some clinicians hoped that belowknee stockings would be more effective than thigh-length stockings. The CLOTS Trial 2 results have shown that adherence to a regimen of below-knee stockings is not materially better than that for thigh-length stockings and that use of below-knee stockings is associated with a higher risk for DVT. With the ongoing CLOTS Trial 3, we aim to establish whether intermittent pneumatic compression offers an effective alternative to stockings for patients with stroke.
Our results might also have implications for other categories of hospitalized patients at risk for DVT, such as those undergoing elective surgery. Unfortunately, no randomized trials have compared below-knee stockings with no stockings. We have shown that thigh-length stockings are probably more effective than below-knee stockings. The 2.5-percentage point difference in absolute risk for proximal DVT may not seem to be of great clinical significance for individual patients (number needed to treat to prevent a proximal DVT, 40); however, many patients worldwide are fitted with stockings for DVT prophylaxis, which suggests a potentially substantial effect on public health. Most manufacturers recommend that physicians prescribe thigh-length stockings and reserve below-knee stockings for patients who cannot tolerate them. However, this recommendation is widely ignored: In Scotland, 74% of stockings purchased by the National Health Service in 2008 were below-knee stockings (G. Bowler, National Health Service Procurement. Personal communication), and this reflects worldwide trends (J. Wyrtzen, Covidien. Personal communication). Although whether the CLOTS Trial 2 results should be extrapolated to other patient groups is debatable, it would seem sensible that thighlength stockings should be the preferred option, at least until robust evidence indicates that below-knee stockings are both as effective as thigh-length stockings and more effective than no stockings. 
